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This study deals with the water-soluble components of normal and pathologic
cornified epithelia. These components comprise 21 % of the horny layer (1).
When they are removed by extraction first with lipoid-solvents, and then with
water, calluses become brittle and lose much of their water-binding ability (2).
A possible role of the water-extractable components in the pathogenesis of
scaling conditions has been indicated by recent work. In psoriatic scales the
water-extractable components are greatly reduced (3) and in psoriatic skin some
of the water-soluble proteins or polypeptides are decreased (4).
These isolated findings suggested that a more detailed study of the water-
extractable components of pathologic horny layers may throw some light on the
nature of some scaling conditions. We, therefore, determined the water-binding
ability and free amino nitrogen content of normal and pathologic horny layers,
of their aqueous extracts and of the water-insoluble keratin residues. Similar
studies were also carried out on the water-soluble components which were iso-
lated from the aqueous extracts of the cornified epithelia.
MATERIALS AND METHODS
1. Preparation of cornified epithclia and their extracts
Callust and scales from patients with scaling skin conditions were washed with ether,
dried and pulverized in the Wiley-mill to mesh size 60 or 80. The powder was washed three
times with ether and dried. This preliminary defatling is essential before the watcr-solnble
components can be extracted. Aqueous extracts were obtained by shaking aliquots of
powdered calluses or scales with known amonnts of water at room temperature in a Kahn
shaking apparatus for 16 to 24 hours. The extract was centrifuged and filtered. The water-
insoluble residue was washed several times with alcohol and ether and dried at 37° C.
The water-solnble components were isolated by first extracting the pulverized horny
material with water (10—20 ml. water/Gm tissue powder), as described above. The extract
was filtered and an excess (7—10 volumes) of acetone was added. The solution became im-
mediately turbid and upon standing a white finocculeat precipitate settled. The precipitate
was centrifuged, washed several times with acetone and dried at 37° C.
2. Measvreinents of water-binding capacity
For measuring the water-uptake, the material was first dried to constant weight at 37° C
over CaCI2 and then placed for 4 days in an atmosphere saturated with water at 37° C. The
material was weighed every 24 hours.
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3. Chemical studies
Amino nitrogen was determined with the ninhydrin method (5), in 5, 10 and 20mg samples
of powdered defatted horny material, before and after extraction with water. For estima.-
tions of the amino nitrogen content in the aqueous extracts, 100 mg of powdered horny
material was shaken overnight with 10 ml. distilled water at room temperature. The extracts
were centrifuged and filtered; determinations were carried out in 0.5, 1.0 and 2.0 ml. samples.
All determinations were made in duplicate.
Sulfhydryl was estimated with Bennett's reagent (6,7).
RESULTS
1. Water-uptake of horny material and of precipitated extracts
Powdered, defatted callus took up about 50 % more water in a water-saturated
atmosphere than the powdered defatted scales from patients with psoriasis or
ichthyosiform erythroderma. After extraction with water, the water-binding
ability of the horny residues became practically the same in all specimens (Table
I).
The assumption that the water-soluble components were responsible for the
decreased water-binding ability of pathologic scales was supported by determin-
ing the water-binding capacity of the acetone-precipitated fractions of the aque-
ous extracts. These fractions presumably contain a variety of water-soluble
organic and inorganic compounds. After 4 days at 100% humidity, the acetone-
precipitated components took up more than their own weight, almost 3 times
as much as the pathologic specimens (Table II). The rate of water-uptake in
normal specimens was also considerably greater than in their pathologic counter-
parts (Figure 1).
TABLE I
Water uptake of pulverized, defatted horny layer
% water uptake
Horny material
Before extraction After extraction
with water with water
Callus 28.1 18.0
Psoriatic scales 19.2 17.0
Ichthyosiform erythroderma scale 1 18.2 16.2
Ichthyosiform erythroderma scale Y'2 20.5 18.5
TABLE II
Water uptake of acetone precipitable fraction of aqueous extracts from pulverized scales
Horny material % water uptake
Callus ,l1 116
Callus *'2 114
Psoriatic scales 40
Ichthyosiform erythroderma 1 45, 47
Ichthyosiform erythroderma 2 52
FIG. 1. Rates of water uptake of acetone precipitable fraction of aqueous extracts from
pulverized scales.
2. Amino nitrogen estimations
The free amino nitrogen content of non-hydrolyzed scales of 7 patients with
psoriasis and 2 patients with ichthyosiform erythroderma was significantly
lower than the free amino nitrogen content of powdered callus. The decrease
was limited to the water-extractable fraction. When the water-extractable
amino nitrogen is subtracted from the total amino nitrogen, essentially the same
values (50—70 mg/100 Gm) are obtained in normal and pathologic specimens
alike. With the exception of two cases of psoriasis, the actual amino nitrogen
values found in the residues after extraction, were in the same range as the
calculated values (Table III). There was a possibility that in these two cases
bacterial decomposition of the residues during drying accounted for the higher
figures. Prolonged incubation at 370 C. of other wet specimens during the drying
period also raised the amino nitrogen values.
Repeated amino nitrogen determinations in the scales of the same patients at
various times gave the same values. No significant difference was found in the
amino nitrogen content of scales from ichthyosiform erythroderma during
periods of quiescence and pealing.
The possibility that daily washing of the skin with soap and water may have
influenced the water-extractable amino nitrogen values, was ruled out by the
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TABLE III
Free amino nitrogen and sulfhydryl in pulverized, defatted cornified epithelia, their aqueous
extracts and the water-insoluble residues
Amino nitrogen
mg/100 Gm dry
weight in non-
hydrolyzed
scales
Callus Psoriasis
*2 3
178188203
51
99,102
52
113,109
53
111
54
141,144,
117
55
117
56
93,90
57
80
51
82,70,73
52
81,90
Aqueous extracts
Residues calcu-
lated
Residues found
123 112
67
64
132 34,36
65
65
54,52
58
86
65
46
68
72
62
70
38
79
96
22
70
73,52
24
56
70
13,12,10
63
67,73,56
29,28,28
58
56
-SR in mMxlO2/ 17 193 241 * 124 200 106 * 9 46
100Gm after in-
cubation with
Duponol (7)
* Not enough material available for analysis.
TABLE IV
Effect of extraction with 10% Duponol on free amino nitrogen content of (non-hydrolyzed)
whole and pulverized callus
Amino nitrogen mg/lOO Gm dry weight in
Treatment
_______________________________________________
Whole callus Pulverized callus
Extraction with ether 179 207
Extraction with Duponol 187 60
following experiment. A piece of callus was cut in two; one half was immersed
in 10 % Duponol for 5 minutes at room temperature and rinsed several times
with distilled water; the other untreated half served as control. After drying,
both pieces were pulverized and defatted in the usual way and their amino
nitrogen content estimated. The values were essentially identical. Duponol,
however, is capable of removing all the water-soluble amino nitrogen from
pulverized calluses (Table IV).
The free amino nitrogen of the acetone precipitated material of the aqueous
extracts was high, ranging between 400 and 600 mg/100 Gm dry weight tissue.
No significant difference was found between normal and pathologic specimens.
3. Sulfhydryl estimations
Previous findings of high -SH content in all psoriatic scales were confirmed.
The combination of a high -SH content with a low water-extractable amino
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TABLE V
Sulfhydryl in cornified epithelia and in extracts after extraction with 10% Duponol
Horny material
—SR in mMx01/1OO Gm in
Whole scales Extracts
17 3
212,193 55,139,153
16 12
Callus
Psoriatic scales
Ichthyosiform erythroderma scales
nitrogen has not been found in any of the other scales studies. A new finding
was that a large part of the -SR groups from all cornifled epithelia studied could
be extracted by shaking with 10% Duponol at room temperature (Table V).
Some of the -SR groups of psoriatic scales could also be extracted with water.
4. Other scaling conditions
Similar studies have been made in scales from patients with exfoliative derma-
titis (poikiloderma), pemphigus foliaceus, ichthyosis vulgaris and hystrix and a
probable case of seborrheic dermatitis. An abnormal amino nitrogen distribution
with or without an abnormal -SR pattern was found in most of these cases.
The data are too few to allow definite conclusions. Preliminary results suggest
that the amino nitrogen distribution in scales from ichthyosis vulgaris is different
from that of erythroderma ichthyosiforme, but final evaluation cannot be made
at present.
DISCUSSION
Our observations extend those of Gruneberg and Szakall who described a
marked decrease of the water-extractable components of psoriatic scales. These
authors found in the horny layer of psoriatic patients 7 % water-extractable
components, as compared to 23.8 % in scales obtained in postultraviolet ery-
thema.
As pointed out previously (3, 8), it is important to keep in mind that when we
analyze whole scales, we do not analyze keratin, but the horny layer. This layer
consists of keratin (by definition, the water-insoluble portion) plus varying
amounts of non-keratinous, water-extractable components, among which the
free amino acids play an important role. These free amino acids derive from two
sources: those on the skin surface and in the most superficial layers of the stra-
tum corneum originate from the sweat (and possibly from the sebaceous) glands
(9); the amino acids in the deeper layers of the stratum corneum derive from the
disintegrated cytoplasms and nuclei of the epidermal cells (10). When, as in
our study, the free amino nitrogen content of whole non-hydrolyzed scales is
determined, the part contributed by the sweat is negligible. This assumption is
supported by our inability to diminish the total free amino nitrogen by washing
the surface of calluses and by the fact that in complete anhidrosis (as in some
cases of ichthyosis) we found high amino nitrogen values. Quantitative con-
siderations also exclude the possibility that sweat is the source of the maj or part
of water-soluble components in pulverized epidermal scales.
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The free amino nitrogen in pulverized scales comes mostly from products of
cellular metabolism. Its decrease is an expression of a faulty process of protein
metabolism in the epidermis. Since the water-soluble fraction represents a con-
siderable portion of the total stratum corneum, it is not permissible to assume
that scaling skin diseases represent anomalous processes of keratinization. These
conditions may result equally we]l from deficient metabolism in the non-kerati-
nous portion of the cell; keratin fiber formation may be perfectly normal.
On the basis of the evidence presented here, psoriasis and ichthyosiform eryth-
roderma are not likely to be diseases of keratinization. The keratin skeleton
of the horny layers in these diseases has the same free amino nitrogen content
and water-uptaking ability as normal horny layers. All the deviations were found
in the non-keratinous, water-extractable part of the horny layer: the decreased
amino nitrogen and water-uptaking ability and, in the case of psoriasis, the in-
creased -SH content*. It is possible that some other scaling diseases will also be
shown to be caused by disturbed metabolism in the non-keratinizing part of the
cell. Therefore, the designation "keratinizing anomaly" should be replaced with
the more neutral term "disease with an abnormal horny layer", until we learn
more about the chemical nature and classification of the underlying disturb-
ance.
From a practical point of view, these findings may eventually help in the diag-
nosis and therapy of scaling skin diseases. While the reduction of water-extract-
able amino nitrogen is not pathognomic in itself, in combination with some other
characteristic chemical feature, such as a high -SH content, it may distinguish
psoriatic scales from other pathologic cornified epithelia. Studies of this nature
may pave the way toward the chemical diagnosis of skin diseases through chemi-
cal analyses of cutaneous constituents.
The described features in pathologic scales may also lead to a new approach
in the treatment of scaling skin conditions. It is clear, for example, why topical
therapy did not accomplish much in the treatment of our two cases with ichthy-
osiform erythroderma. The horny layer in these patients contained very little
water-binding material. Occlusive ointments which promote retention of water,
were unable to hydrate satisfactorily a horny layer which is unable to hold water
in the first place.
Differences in the water-uptaking ability of the precipitate from the aqueous
extracts suggest differences in the amino acid composition of the water-soluble
portion of the horny layer. Experiments to clarify the nature of these differences
are in progress in order to extend previous isolated data (11, 12, 13).
SUMMARY
1. The following studies were performed in normal (callus) and pathologic
(psoriasis, erythroderma ichthyosiforme) horny layers: a) Water-uptake in de-
fatted, pulverized scales and their residues after extraction with water. b) Free
amino nitrogen determinations in non-hydrolyzed, defatted scales, their aqueous
* Our inability to remove all —SH groups from epidermal keratins with detergents, may
he due to the partial destruction of these groups during the prolonged extraction.
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extracts and water-insoluble residues. c) The water extractable components were
precipitated from the aqueous extracts with excess acetone and their water-
uptake and amino nitrogen content were determined.
2. Pathologic scales took up considerably less water than calluses. In all horny
layers studied, the residues left after extraction with water had essentially the
same water-binding ability.
3. The free amino nitrogen was decreased in the pathologic specimens. How-
ever, this decrease was restricted to the water-extractable components. All the
water-insoluble residues had practically the same amino nitrogen content.
4. The rate and extent of water-binding by the precipitated water-extractable
components was considerably decreased in the pathologic specimens.
5. The combination of a low water-extractable amino nitrogen with a high
sulfhydryl content was encountered in psoriasis only of all scales hitherto studied.
The sulfhydryl compounds in the scales can be extracted with detergents.
6. These experiments suggest that "keratinizing anomalies" may result from
faulty protein metabolism in the non-keratinizing part of the epidermal cell. It
is not permissible to assume that an anomalous horny layer necessarily reflects
an abnormal process of keratinization.
7. The possible implications of these findings regarding the diagnosis and ther-
apy of scaling skin diseases are discussed.
ADDENDUM
After completion of the manuscript, we determined the free amino nitrogen
content of the normal horny layer, its aqueous extract and water-insoluble resi-
due. The horny layer was obtained by scraping hairless, non-callused skin sur-
faces. The amino nitrogen values, expressed in mg/100 Gm dry tissue, were 378
in the whole scales, 304 in the aqueous extract and 70 in the water-insoluble
residue. These values are almost twice as high as those found in callus. Thus the
reduction of water-soluble amino acids in psoriatic scales is even more impressive
when normal horny layer is used as a basis of comparison.
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DISCUSSION
DR. STEPHEN ROTHMAN (Chicago, Ill.): I wish to congratulate the authors on
this beautiful piece of work. In the way of criticism, I would like to bring up two
points: 1) The authors used callus which certainly cannot be identified \vith the
horny layer of the epidermis. In callus the keratinization process has progressed
farther than in the normal horny layer; it is a harder keratin. One can obtain
normal horny layer in sufficient amounts by gently scraping the skin of the back.
2) I don't see how the authors have disproved the concept of incomplete (and accel-
erated) keratinization in conditions such as exfoliative dermatitis. The scales in
this disease are richer in water than normal, and their high sulfhydryl content
corresponds with the incompleteness of keratinization.
DR. THEODORE CORNBLEET (Chicago, Ill.): Could not some of the differences
in the data presented be on the basis of retention of epidermal cell nuclei, para-
keratosis, as in psoriasis?
DR. IRVIN H. BLANK (Boston, Mass.): There is so much of interest in this
very excellent paper that it is difficult to assimilate it in the short time allowed.
I have two questions: (1) Dr. Jackson referred to the water extractives of de-
fatted callus; I \vould be interested to learn what solvent \vas used for defatting
the callus. (2) It was not clear to me how the water uptake of these extractives
'was measured. Were they allowed to come to equilibrium in an environment of
a constant relative humidity? If so and if that humidity was high, I am surprised
that the water extractives did not show an even greater water uptake. Water
extractives can be obtained from callus which can absorb up to three times their
weight of water when held in an environment of 95 per cent relative humidity.
DR. PETEH FLESCH (in closing): I would like to thank the discussers for their
comments.
In answer to Dr. Rothman's objection against the use of callus, we are plan-
ning to carry out the same determinations on normal horny layers and include
the data in the final paper. It is likely that the amino nitrogen values of extracts
of normal horny layer \vill be even higher than in callus, if we are permitted to
draw such a conclusion from the high values obtained in certain pathologic
specimens.
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As to the statement that keratinization must be abnormal in psoriasis, first of
all we ought to define our terms. By definition, keratin is a \vater-insoluble albu-
minoid and keratinization is the formation of this water-insoluble substance.
Keratinization and differentiation of the horny layer are not synonymous terms.
In psoriasis the rate of keratinization may \vell be accelerated, but nobody has
ever sho\vn the existence of qvaiitative changes in the keratinous portion of the
psoriatic scales. Our work indicates that the deviation from the normal occurs
in the water-soluble portion of the scales. Unless somebody shows that the
water-insoluble part, the keratin proper, is altered in psoriatic scales, we have
no right to talk about qualitative changes in the psoriatic keratinization process.
In answer to Dr. Blank, we defatted the pulverized scales by washing them
three times with ether. The water-uptake was measured by placing the pre-
viously dried scales in an atmosphere saturated with water. Our results are not
comparable with those of Dr. Blank, because we obtained the water-soluble
compounds by precipitation with acetone. This procedure also probably accounts
for the relatively low water-binding ability of the extracted material and for the
relatively low yield.
